Plant nutrients and soil moisture are considered some of the most important factors affecting physiological characters and grain yield of maize. Therefore, a field experiment was conducted at UBKV, Cooch Behar, West Bengal during 2013 and 2014 to study the effects of moisture conservation and nutrient management practices on growth and yield of maize (Zea mays L.). The experiment was laid out in a split -plot design with three replications. Four levels of moisture conservation practices M 0 : without irrigation and without mulch, M 1 : irrigation as and when required, M 2 : dry weed biomass mulch @5.0 t ha -1 M 3 : FYM mulch @ 5.0 t ha -1 were assigned to main plots and four levels of nutrient management N 1 : 100% RDF 80:40:40 kg ha -1 of N:P 2 O 5 : K 2 O N 2 :100% RDF + phosphate solubilising bacteria (PSB) + Azotobacter N 3 :75% RDF+ PSB + Azotobacter + vermicompost (VC) @ 5.0 t ha -1 and N 4 :50% RDF + PSB + Azotobacter + 50% vermicompost @ 2.5t ha -1 for sub plot. Among the moisture conservation practices, application of irrigation recorded the highest growth, yield attributes, yield and harvest index followed by FYM mulch and dry weed bio-mass mulch. Similarly, N, P and K uptake of maize was recorded highest under irrigation followed by FYM mulch; dry weed bio mass mulch and lowest N, P and K uptake were recorded under without irrigation and mulch. Among the nutrient management practices the highest growth, yield attributes, yield, harvest index and N, P & K uptake were recorded under 75% RDF + PSB + Azotobacter + vermicompost @ 5.0 t ha -1 followed by 100% RDF + PSB+ Azotobacter & 100% RDF and lowest were recorded under 50% RDF + PSB + Azotobacter + 50% vermicompost 2.5 t ha -1 . Likewise, maximum benefits were recorded under 75% RDF + PSB+ Azotobacter + vermicompost @ 5.0 t ha -1 and lowest net return and return per rupee invested were recorded under 50% RDF + PSB + Azotobacter + 50% vermicompost 2.5 t ha -1 . From this study, maize grown with irrigation and supplied with 75% RDF + PSB + Azotobacter + vermicompost @ 5.0 t ha -1 is found the best for obtaining overall gain on a sustainable basis.
Introduction
Maize (Zea mays L.) is an annual C4 plant belonging to the grassy family Poaceae. After rice and wheat, maize is the third most important food crops of India and it is currently cultivated in an area 8.49 m ha -1 with a production of 21.28 mt and productivity of 2507 kg ha -1 . 1 However, in West Bengal, maize productivity was only 39.4 q ha -1 with the total production of 0.39 mt from the total area of 0.10 mha. 2 Maize, in general, is an exhaustive feeder of nutrients; require much more nutrients compared to the other crops and in order to meet those nutritional requirements the farmers are applying large quantities of inorganic fertilizers without understanding its negative impact in the soil fertility status as well as the concerned environment. Organic source of fertilizers hold the key to the solution of current problems of fertilizers scarcity and expensiveness and continuous use of organics helps to build up soil humus and beneficial microbes besides, improving the soil physical properties and provides regulated supply of nutrients by releasing them slowly and thereby increases nutrient availability and use efficiency. 3 Therefore, use of organic fertilizers alone does not result in spectacular increase in crop yields, due to their low nutrient status whereas judicious combination of organic and inorganic fertilizers helps to maintain soil health and improve crop productivity. 4 However, combined application of organic and inorganic fertilizers as an integrated manner is a better solution for conjunctive use of inorganic and organic sources of plant nutrients for crop productivity as well as sustaining soil health.
In Indian condition, maize is cultivated both as kharif and rabi crop though the former is followed more but still there is potential for the latter. Maize cultivation in winter is gaining more popularity due to minimum losses caused by biotic factors and greater response to applied plant nutrients. However, raising a rabi crop is a challenge due to lack of rainfall which is the major source of irrigation to maize crops which is sufficient during Kharif season in rainfed conditions. Lack of adequate moisture in seed zone during seeding is the major constrains for establishment of crop. 5 Apart from this, the productivity of maize is also limited due to moisture stress 6 and this could be achieved by soil and nutrient management practices as these are of paramount concern to conserve soil moisture, improve the productivity and fertility. 7 To overcome of this problem, mulching is an important practice for soil moisture conservation in rainfed condition and it could be greatly increased by imposition of mulches on soil surface. 8 Mulch particularly restricts the transport of water vapour from soil surface to microclimate, which diminish the direct evaporation loss of water 9, 10 and increases the availability of soil water to the crops 11 regulates of soil temperature. 12 Considering the above mentioned reason, this study was carried out to find out the effects of moisture conservation and nutrient management practices on growth, yield attributes, yield and nutrient uptake of maize.
Materials and Methods
A field experiment was carried out to with the objective of studying the growth, yield attributes, yields and nutrients uptake of maize as influenced by moisture conservation and nutrient management practices. The experiment was laid out in a split -plot design with three replications. The plot size is 7.5 (breadth) X 4.5 (length) sq. m and 20 kg ha -1 seed rate. Date of sowing was done in 16.01.2013 and 17.01.2014. Sowing was done in the lines with the help of tyne by opening a shallow furrow at uniform depth (3-5 cm). 45 cm row-to-row spacing in the North-South direction. Before sowing seeds were treated with Carbendazim @ 3g kg -1 of seed and spraying Carbaryl 50 WP @ 2 kg in 1000 lt ha -1 was done with the help of Knapsack sprayer to control the stem borer during both the years. Two irrigation applied at knee high and silking stage. Removal of weeds by hand with the help of khurpi and to cover the base of the plant by soil and earthing up was done after completion of second weeding (35 DAS) . The date of harvesting of maize was 06.05.2013 and 07.05.2014. The maize plants were harvested from net plot earmarked for harvesting leaving the boarder rows. Husks were removed from the cobs and were dried under the sun for 7-8 days. Thereafter, grains were removed with the help of maize shellers. Four levels of moisture conservation practices M 0 : without irrigation and without mulch, M 1 : irrigation as and when required, M 2 : dry weed biomass mulch @5.0 t ha -1 M 3 : FYM mulch @ 5.0 t ha -1 were assigned to main plots and four levels of nutrient management N 1 : 100% RDF 80:40:40 kg ha -1 of N:P 2 O 5 : K 2 O N 2 :100% RDF + phosphate solubilising bacteria (PSB) + Azotobacter N 3 :75% RDF+ PSB + Azotobacter + vermicompost (VC) @ 5.0 t ha -1 and N4:50% RDF + PSB + Azotobacter + 50% vermicompost @ 2.5t ha -1 for sub plot.
The results were analyzed taking consideration of physiological parameters viz. plant height, dry matter accumulation (DMA), leaf area index (LAI) calculated according to the formula given by Watson. 13 Leaf area index (LAI) = Area of total number of leaves surface
Then the mean LAI (L) was calculated as per the formula given below.
Where, L 1 and L 2 are the leaf area indices at two successive occasions on time t 1 and t 2 respectively. Crop Growth Rate (CGR) expresses the gain in dry matter production of the crop per unit land area per unit time and is expressed as gram per meter square per day (g m -2 day -1 ). It is calculated according to the formula given by Watson. 14
Where, W 1 and W 2 was the dry weight of the aerial plants per unit area gained at time t 1 and t 2 , respectively. Post harvest parameters were number of cobs plant -1 , number of grains cob -1 , 1000-grain weight (g), cob length (cm), cob girth (cm), grain yield (q ha -1 ), stover yield (q ha -1 ), harvest index (%) and nitrogen, phosphorus and potassium uptake. Economic analyses such as gross return (Rs.), net return (Rs.) and return per rupee investment.
Returns per rupee invested
This is obtained from the formula:
Return per rupee invested =

Gross returns
This index provides an estimate of the benefit a farmer derives for the expenditure he incurred in adopting particular cropping systems. Anything above the value of 2.00 (means that the farmer gets Rs. 2.00 in return for every one rupee he has invested) can be considered safe, making allowance for the marketing costs, fixed costs and minor fluctuations in prices of produces.
In the same manner, return per rupee invested on a particular input can be computed. For example, return on labour can be calculated as follows:
Return per rupee invested = Gross returns-(cost of cultivation except that incurred on labour)
Return per rupee spent on chemicals and power can also be calculated likewise.
Data were analyzed by using INDO-STAT-software for analysis of variance following split-plot design and treatment means were separated by applying CD Test (critical difference) at 5% level of significance.
Result and Discussions Physiological Parameters
Plant height of maize gradually increased with the advancement of crop age upto harvest. Higher plant height was noted under irrigated plot (M 1 ) during both the years of experimentation. This might be due to the easily available soil moisture which helps to develop suitable environment for root growth and improve micro environment for their growth ( Table 1 ). The application of irrigation at critical stages increases the moisture content in soil which ultimately enhances the plant height of maize. 15 The dry matter accumulation, leaf area index and crop growth rate also recorded highest in irrigated plot (M1) ( Table 1 , 2, 3 & 4) followed by FYM mulch (M 3 ) and dry weed bio mass mulch (M 2 ) and lowest DMA, LAI and CGR recorded under without irrigation and without mulch (M 0 ).The different water supply conditions at different crop growth stages significantly increases the plant height, dry matter accumulation, leaf area and crop growth. 16 From the data it was revealed that FYM and dry weed biomass mulch also significantly influenced the growth of crop at different stages of crop growth ( Table 1, 2, 3 & 4) . Plant height, DMA, LAI and CGR were recorded maximum when FYM and dry weed bio mass mulch were applied as compared to without irrigation and without mulch (M 0 ). This was due to the applied mulch materials improve soil physical properties, enhances the available soil moisture and nutrient content in soil. Spreading of farm yard manure as mulching materials increased the soil moisture which enhanced the crop growth and development. 8 Mulch materials restrict the transportation of water vapour from soil surface to microclimate which ultimately reduces the evaporation loss 17 and availability of soil water to crop which enhances the growth and development of crops. 11,18 and 19 The growth parameters such as dry matter accumulation, LAI and CGR were higher on irrigated plots compared to the other plots. This finding is also in conformity with the findings of De and Bandyopadhyay 20 and Yi et al., 21 . (N 4 ). This might be due to the availability of higher amount of macro and micro nutrients. Adoption of nutrient management in an integrated manner helps to maintain soil fertility which leads to increase the plant height, LAI, dry matter accumulation and other secondary growth. This is due to the utilization of applied nutrients by crops. These results are also in conformity with the findings of Rajeshwari et al., 22 , Zhao and Zhou 23 , Sujatha et al., 8 and Kumar and Dhar. 24 The 100% recommended dose of fertilizer and vermicompost application which remained at par with 75% recommended dose of fertilizer and vermicompost and 100% recommended dose of fertilizer alone recorded highest growth of crop. 25 However, application of 50 % RDF + PSB + Azotobacter + 50% vermicompost 2.5 t ha -1 resulted in significantly lower growth compared to the 100% recommended dose of fertilizer. Plant height of maize was improved when combined application of organic and inorganic fertilizer can compare statistically with the blanket application of inorganic fertilizer. 26 The application of recommended dose of fertilizers with Azotobacter and phosphate solubilizing bacteria significantly increases growth of maize 27 but also make available added phosphorus thereby increasing phosphorus availability and improving the growth of maize. 28 
Yield Attributes and Yield
Yield attributing characters such as number of rows cob -1 , grains row -1 , 100-grain weight, number of grains cob -1 , cob length, cob girth are presented in Table 5a & 5b, grain, stover yield and harvest index are presented in Table 6 . The moisture conservation practices significantly influenced the yield attributes and yield of maize. However, the highest number of rows cob -1 of maize, grain row -1 , 100-grains weight, number of grains cob -1 , length of cob, cob girth (Table  5a & 5b) and grain, stover yield and harvest index ( Table 6) were recorded under irrigation (M1). The application of irrigation at critical stages might have improved soil moisture, availability of water and absorption of moisture by crops which enhanced the crop growth, yield attributing characters and ultimately yield. The application of irrigation both at silking and grain development stage increases the yield parameters like cob girth, cob length and grain yield per plant. 29, 30 Moisture conservation practices by FYM and dry weed biomass mulch also increased yield attributing characters such as number of rows cob -1 , 100-grain weight, number of grains cob -1 , cob length, cob girth, grain yield and stover yield (Table  5a , 5b and 6). This was due to the applied mulch materials conserve soil moisture which improves the microclimate of soil as well as plant. This result is in conformity with findings of Khan and Parvej. 31 The highest yield attributing characters (Tables  5a & 5b and) and grain yield ( Table 6) were recorded with treatment receiving 75% RDF in combination with PSB + Azotobacter + vermicompost (VC) @ 5.0 t ha -1 (N 3 ). Increased in grain and stover yield with integration of organic and inorganic fertilizers along with vermicompost, Azotobacter and phosphate solubilizing bacteria might be due to improvement in the yield components (number of grains rows cob -1 , grain row -1 , 100-grain weight, number of grains cob -1 , cob length and cob girth). 100% RDF + PSB + Azotobacter (N 2 ), 100% RDF (N 1 ) significantly influenced the yield attributes and yield, which was due to the more availability and absorption of nutrients by crop. Application of recommended dose of fertilizers and farm yard manure significantly increased the grain yield, stover yield and harvest index. 8 Combined use of organic and inorganic fertilizers increased maize grain yield over application of 100% RDF 32 and bio-fertilizers like Rhizobium, Azotobacter and phosphate solubilising bacteria. 33 The integrated use of nutrient significantly influenced yield and yield attributes such as grain weight per cob of maize, number of seeds per cob and test weight. 34, 35 
Nutrients Uptake
Moisture conservation practices significantly influenced nitrogen, phosphorus and potassium uptake. The highest nitrogen, phosphorus and potassium uptake were recorded under irrigated plot (M1).This is because of increases grain and stover yield and enhances availability of water to the crop (Table 7) . Adequate supply of moisture in general is known to influence positively on the growth and dry matter production of crop directly as well as indirectly by increasing the availability and utilization of nutrient and increase the nutrient uptake of N, P and K in sorghum. 36 Among the moisture conservation practices, FYM mulch and dry weed biomass mulch recorded highest uptake of N, P and K which was mainly due to increased availability of soil moisture and nutrients in root zone which helped to improve the nutrient content in grain and stover ( Table 7 ). Spreading of FYM as mulch materials not only efficiently conserved the soil moisture and provided better availability of nutrients but also improved the soil physical properties. 37 Moisture conservation practices by mulching increased the NPK uptake because of slow decomposition and increased nutrient availability due to mineralization which benefited the maize crop in terms of yield and nutrient uptake. 38 It would further be found that uptake of nitrogen, phosphorus and potassium in maize was more in 2014 than in 2013 due to higher biomass and grain yield in 2014 (Table 7) . Difference in uptake due to nutrient management treatments were greatly due to difference in biomass yield as because the uptake was the resultant of dry matter content and percentage of nitrogen, phosphorus and potassium content in both grain and stover. The uptake of nitrogen, phosphorus and potassium through grain and stover of maize increased under adequate supply of nutrients. Among the nutrient management practices highest N, P and K uptake was recorded with treatment receiving 75% RDF + PSB + Azotobacter + vermicompost (VC) @ 5.0 t ha -1 (N 3 ) followed by 100% RDF + PSB + Azotobacter (N 2 ), 100% RDF, (N 1 ) and the lowest N, P and K uptake was observed under 50% RDF +PSB+ Azotobacter + 50% vermicompost 2.5 t ha -1 (N 4 ) ( Table 7 ). The uptake of N, P and K by maize was found higher due to application of 75% recommended dose of fertilizer and 2.7 t ha -1 vermicompost. 39, 40 Organic matter, like vermicompost and enriched compost, enhanced plant nutrients uptake (N, P and K) 41 and balanced and integrated nutrient supply shows significant higher uptake of primary nutrients. 42 
Economics
The highest gross return (Rs. 47164 and Rs. 63369 ha -1 ), net returns (Rs. 24174 and Rs. 39039 ha -1 ) and return per rupee investment (1.05 and 1.55) were recorded under irrigation (M 1 ) ( Table 8 ). The higher profitability of this treatment was due to higher grain yield and lower total cost obtained as a result of better moisture conservation and improving soil fertility. The lowest gross return (Rs. 30585. 25 and Rs. 38421 ha -1 ), net return (Rs. 7595 and Rs. 14091 ha -1 ) and return per rupee investment (0.33 and 0.61) were recorded under without irrigation and mulch (M 0 ). Straw mulching showed significantly higher net returns and benefit: cost ratio over spreading FYM mulch and no mulching on linseed. 8 Moisture conservation practices by mulching were better resulting in higher availability of moisture to the crops under rainfed condition which increased the net return and B: C ratio. 43 The highest gross retur n (Rs. 45907 and Rs. 60777 ha -1 ) and net return (Rs. 27990 and Rs. 32763 ha -1 ) was recorded with treatment receiving 75% RDF in combination with PSB + Azotobacter + vermicompost (VC) @ 5.0 t ha -1 (N 3 ) (Tables 8). This was due to the higher grain yield. But highest return per rupee investment (0.82 and 1.12) was recorded under treatment receiving 100% RDF and Azotobacter + PSB (N 2 ) due to the low cost of cultivation compared to the other treatments. The application of vermicompost and increased recommended dose of fertilizers from 50 to 100% increased the yield but net return and benefit cost ratio was low due to the high cost of cultivation 44 and recommended dose of NPK along with seed inoculation of Azotobacter resulted in higher net returns and B: C ratio of maize crop. 45 The highest net return per ha and net return per rupee invested was obtained with 100% NPK treatment. 46 Although nutrient management only gets the better opportunity to reduce the ill effect of soil health this is environmentally sound, socially acceptable and economically viable.
